Background Previous reports have shown that radiofrequency ablation can terminate atrial flutter and prevent recurrences. However, different methods have been used, and the current experience remains limited. The objective of the present study was to determine the efficacy of radiofrequency ablation of atrial tissue in patients with atrial flutter using an anatomically guided approach.
Methods and Results We treated 22 patients aged 30 to 73 years. Atrial flutter was recurrent for a mean of 5 years despite the administration of multiple antiarrhythmic drugs. Radiofre- quency current was directed to the atrial isthmus between the inferior vena cava and the tricuspid ring, regardless of the morphology of local electrograms. Radiofrequency energy was applied during typical atrial flutter in 12 patients, atypical atrial flutter in 2 patients, and successively both forms in 8 patients. In 19 patients, atrial flutter abruptly terminated. In 3 patients, atrial flutter persisted despite 37, 48, and 25 applications, respectively. Atrial recordings demonstrated that atrial C atheter ablation is a well-established method of curing patients with cardiac arrhythmias. Many series have demonstrated its efficacy in patients with atrioventricular accessory pathways, atrioventricular nodal reentry, and ventricular tachycardia. At the atrial level, efficacy is less known, although preliminary studies have shown that ablation may be effective in atrial tachycardia as well as in typical atrial flutter. '-6 In 1990, we reported ablation of atrial flutter using endocardial direct current shocks. 3 Modest but convincing efficacy was demonstrated and confirmed on a long-term basis. 7 However, the effect of direct current ablation is difficult to assess, as nonspecific termination of atrial flutter may ensue. Furthermore, high-energy shocks may cause extensive lesions. More recent studies suggest that radiofrequency current application to atrial tissue may be an effective alternative to direct current in the management of patients with atrial flutter.4-6 For the past 2 years, we have been using a uniform anatomically guided approach to radiofrequency ablation of atrial flutter. The present report describes our experience.
flutter termination occurred as a consequence of conduction block at the site of radiofrequency energy application, regardless of the type of atrial flutter. The number of applications before termination ranged from 1 to 82 (mean, 32). Atrial flutter could no longer be induced in every case. There were no complications. During a 13-month mean follow-up, atrial flutter recurred in only 2 (Fig 1) . Unmodulated 500-KHz radiofrequency current was then applied through the distal electrode using an HAT 200 generator system (Osypka, Germany). The current flow was directed toward a cutaneous patch on the posterior chest. Pulses of 30 W for 30 seconds were delivered at each site while we continously monitored catheter stability and heart rhythm. The first application was delivered close to the tricuspid ring (Fig 1) for 30 seconds. Then, the catheter was withdrawn 2 to 3 mm, and a new application of the same intensity and duration was made. Applications were repeated in the same manner four to six times until the catheter was clearly in the inferior vena cava. Before each application, atrial electrograms were recorded. Their size increased progressively during the withdrawal maneuver. When the catheter was close to the inferior vena cava, atrial electrograms again exhibited low amplitude. At atrial flutter were repeated for 30 minutes. A two-dimentional echocardiogram and serial creatine phosphokinase-MB assays were performed in the aftermath of the procedure (6, 12 , and 24 hours after the procedure).
Follow-up
The use of antiarrhythmic medications was discontinued at the time of the procedure in patients who were successfully treated. All patients were followed up by their cardiologist or in the outpatient clinic. A control electrophysiological study was performed after 1 to 3 months, except in case of primary failure or subsequent atrial fibrillation. Stimulation protocols were the same as for the baseline study. Holter recordings were performed at that time and 4 months later. Additional Holter recordings were made at the discretion of the referring physician. Repeat ablation was always recommended in patients with atrial flutter recurrences.
Statistical Analysis
All data are presented as mean±SD. Data were compared using the correlation coefficient.
Results Electrophysiological Data
At baseline study, typical atrial flutter was spontaneously present in 14 patients (Table 2) . Rapid atrial bursts could restore sinus rhythm in all of them. Subsequent rapid atrial bursts could initiate typical atrial flutter in 10 patients, atypical flutter in 1, and both forms in 3. Atypical atrial flutter was spontaneously present in 3 patients, and inducible by pacing. The last 5 patients were in sinus rhythm. Atrial flutter could be induced in all 5 -typical in 2 patients, and both forms in (Table 2) . Three patients had a repeat procedure for symptomatic recurrences 1, 6 , and 12 months, respectively, after the first procedure. Radiofrequency energy was applied during typical atrial flutter in 12 patients, atypical atrial flutter in 2 patients, and successively during both forms of flutter in 8 patients. In 2 patients (1 with typical atrial flutter and the other with atypical flutter), atrial flutter could not be interrupted despite 37 and 48, respectively, radiofrequency current applications. In 1 patient, atypical atrial flutter terminated during radiofrequency application, but the typical form then induced could not be interrupted depite 25 radiofrequency current applications. In the remaining 19 patients, atrial flutter abruptly stopped during current delivery (Fig 6) . In 3 of them, the first application was effective. However, in these cases, ablation was extended to the inferior vena cava, and in one of them a repeat procedure was performed using a second withdrawal line. In the remaining 16 patients, 17 to 80 applications were necessary to terminate atrial flutter. At the site of termination, 1 to 2 additional pulses were delivered. Endocardial mapping showed that atrial flutter termination was always related to conduction block at the site of energy application, regardless of the type of atrial flutter (Figs 7 and 8 ). Cessation of flutter was heralded by a slight increase in atrial cycle length (10 to 40 milliseconds) in the very few cycles before interruption in 2 patients. In 5 patients, atrial flutter could be reinduced, and ablation was repeated. In 2 of them, atypical atrial flutter was inducible, whereas typical flutter was no longer apparent. In 2 others, typical atrial flutter was initiated, whereas atypical flutter was no longer inducible. In the last one, termination of typical and atypical atrial flutter was obtained several times before reinduction of the arrhythmia could be prevented. Overall, atrial flutter was stopped and no longer inducible in 19 patients, whereas ablation failed in 3 patients (14%). The mean number of radiofrequency applications for each patient was 32+21, and the mean number of withdrawal lines was 5+3 (range, 1 to 14). Atrial flutter was no longer inducible at the end of the procedure in all the patients exhibiting atrial flutter termination. There were no complications during or after the procedure. There was no pericardial effusion in any patient. Maximum creatine phosphokinase-MB ranged from 0.2 to 10 gg/L (mean, 3±2) and was not statistically related to the number of radiofrequency applications. Follow-up Results After the last ablation session, patients were followed up for 2 to 25 months (mean, 13±8) ( Table 3) . No recurrence of atrial flutter was identified by ECG or Holter monitoring in 17 patients. In addition to the 3 patients in whom the initial procedure had been unsuccessful, 1 patient had brief well-tolerated recurrences of atrial flutter within the month following a repeat apparently successful ablation, and another patient had recurrences of sustained atrial flutter 5 months after the procedure but refused a repeat ablation and was treated medically. Permanent atrial fibrillation was noted in 4 patients, only 2 of whom had prior paroxysmal atrial fibrillation. Two of these 4 patients returned to sinus rhythm with antiarrhythmic therapy. Two patients, 1 with previous paroxysmal atrial fibrillation, had recurrent episodes of atrial fibrillation requiring medical therapy. In 1 additional patient, preexisting adrenergic tone-mediated atrial tachycardias remained unchanged after ablation despite fl-blockade. There was no relation between the number of radiofrequency current applications and occurrence of atrial fibrillation during followup. Symptoms improved dramatically in 20 patients. Two patients remained very symptomatic because of persistent atrial flutter in 1 and permanent atrial fibrillation in the other. Ablation of the atrioventricular junction relieved their symptoms. Control electrophysiologic study was performed 1 to 3 months after ablation in 13 patients. Arrhythmia induction correlated very closely to the outcome ( Radiofrequency energy was first described for ablation of typical atrial flutter by Feld et al. 4 They initially tried to ablate the supposed slow conduction area close to the ostium of the coronary sinus. After failing in their first 3 patients, they targeted the exit of the slow conduction area. To better delineate such a target, the notion of very short interval stimulus P wave during concealed entrainment was used. They could terminate atrial flutter in 10 of 12 patients after 1 to 14 applications. Atrial flutter became noninducible in all of them. Repeat ablation was performed in 1 patient. Within a 16±9-week follow-up, only 1 patient had recurrences. Cosio et a15 proposed a different method. They assume that the isthmus between the inferior vena cava and the tricuspid ring is a necessary path for typical atrial flutter maintenance. Injuries to this region might render the right atrium incapable of sustaining macroreentant movement. Radiofrequency energy was applied to this anatomic target (Fig 9) . In their series, 3 to 45 applications and one to four sessions were required for acute termination of atrial flutter. The short-term recurrence rate was low. In the present study, we used a similar method. Successful ablation of part of the atrial flutter circuit by anatomically guided radiofrequency applications could be achieved without regard to abnormal electrogram recordings or entrainment. During the follow-up, atrial flutter recurred in only 2 patients. Moreover, in our series, radiofrequency ablation of the isthmus between the inferior vena cava and the tricuspid ring was also capable of terminating atypical atrial flutter associated with a clockwise rotation of the activation front in the right atrium. This effect has not been previously described and supports the notion of a common substrate in both forms of atrial flutter. In 4 patients, one type of atrial flutter could still be induced after successful ablation of the other form. Because ablation temperature was not monitored in this study, one cannot exclude that this response was due to inadequate tissue heating causing incomplete ablation. As a consequence, the radiofrequency current could have created a unidirectional block, thus allowing spread of activation only in one direction. In fact, after termination of atrial flutter, multiple attempts at induction were performed and could only reproduce the other type. Alternatively, this response might indicate that the excitation wave uses a slightly different circuit at the inferior vena cava-tricuspid ring isthmus according to the type of atrial flutter.6 Indeed, it has been shown that the mode of propagation in the inferior vena cava-tricuspid ring isthmus may play a significant role in the initiation and pattern of atrial reentry.14 No recurrence was observed during follow-up in this subset of patients with atypical flutter, but the small number of subjects does not allow a firm conclusion to be reached.
Electrophysiologically guided ablation for atrial flutter is complex and time consuming.4 There are still uncertainties regarding the significance of abnormal electrograms and the interpretation of entrainment technique. Our experience supports the view that anatomic guidance may be more convenient in the treatment of atrial flutter. The isthmus between the inferior vena cava and the tricuspid ring appears to be a critical site for ablation.5 This structure was localized more laterally than the target area of Feld et al. 4 We found no abnormal electrograms at this site. Doublespike or fragmented electrograms were always recorded in the vicinity of the coronary sinus os. Thus, the role of this isthmus as a part of the slow conduction zone remains uncertain. In our experience, the anatomic approach requires sessions of shorter duration (less than 2 hours) than that of previous ablation methods, so radiation exposure is diminished. In The large number of radiofrequency energy applications sometimes required may cause a large ablation area, a consideration that has also been raised for anatomically guided slow pathway ablation in atrioventricular nodal reentry. 17 Excessively large lesions may be responsible for adverse effects like atrial arrhythmogenesis. Permanent atrial fibrillation was observed in 4 of our patients during follow-up, only 2 of whom had atrial fibrillation before the ablation procedure. As amiodarone was discontinued at the time of the procedure, the possibility may be raised that atrial fibrillation occurrence was due to loss of antiarrhythmic drug effect. This hypothesis may account for atrial fibrillation emergence within 3 months after the procedure in these 4 patients. Nevertheless, the question as to whether subsequent atrial tachyarrhythmias are related to the procedure or to spontaneous evolution of underlying atrial disease remains unanswered.
Because the majority of our patients experienced marked symptomatic improvement, we believe that in patients with poorly tolerated, refractory atrial flutter, atrial ablation should be considered before potentially more complicated His bundle interruption.
Conclusions
Results of the present study support the view that catheter ablation for atrial flutter may be at a turning point. As in other fields of catheter ablation, the use of radiofrequency current has promoted significant advances. The interruption of atrial flutter by radiofrequency pulses means that the target corresponds to a eation of such an area is still debated. Identification of the target based on electrophysiologicl criteria is complex, and the findings are of uncertain significance. That is why we chose a site in the lower part of the right atrium, which appears to be anatomically suitable for ablation. Short-term results of radiofrequency ablation directed to the inferior vena cava-tricuspid ring isthmus are encouraging. However, further studies are required to assess long-term results and potential atrial arrhythmogenesis.
